Debate continues about what split-thickness skin graft donor-site dressing provides the best outcomes for patients at the lowest cost. The goal of this systematic review was to determine which donor-site dressings are associated with the best outcomes for the following: pain, infection rate, healing quality, healing rate, quality of life, and cost. Methods: A comprehensive literature review and assessment was undertaken by two independent reviewers. Articles were selected using specific inclusion criteria. Split-thickness skin graft donor-site dressings were classified as either moist or nonmoist based on the state of the dressing upon initial application. Methodological quality of randomized controlled trials was assessed using the Jadad scale. Results: Seventy-five relevant articles were included in the final analysis, three of which were review articles. The most commonly measured outcome was healing rate (64 of 72), followed by pain (58 of 72), infection rate (40 of 72), healing quality (40 of 72), and cost (15 of 72). No studies measured quality of life. The majority of articles were randomized controlled trials (35 of 75), followed by observational studies (22 of 75), unsystematic clinical observations (15 of 75), and review articles (three of 75). It was difficult to compare moist and nonmoist dressings in this review because of the methodological heterogeneity of the included articles. The available evidence suggests, however, that moist dressings are superior in terms of pain. Conclusions: Some weak evidence exists that supports "wet dressings." To determine the best split-thickness skin graft donor-site dressing, more methodologically sound randomized controlled trials are needed. Trials with parallel economic evaluations should be undertaken to answer this question. (Plast.
be the best dressing in terms of patient comfort, infection rate, healing quality, healing rate, and cost. No indication, however, of study inclusion or quality was mentioned. In the later one, Wiechula 3 examined pain, infection, and healing in a systematic review of two types of studies: intraindividual and prospective randomized controlled trials. Wiechula concluded that moist dressings provided better healing, less pain, and lower infection rates. Although the traditional outcome measures such as infection and healing rates examined by these two reviews are clinically important, they may not accurately represent the patient's perspective. Therefore, it is important to consider patient satisfaction and quality of life when comparing dressings. Unfortunately, this was not examined in either review. While Wiechula's review noted the importance of cost consideration, the primary studies identified rarely included a cost-effectiveness component. 3 This variable is important in an era of limited healthcare resources. Rakel et al., on the other hand, attempted to synthesize the cost by different treatments by comparing dressings on a "cost per square inch" basis. 2 They also mentioned the possibility of measuring dressing cost per donor site or dressing cost per patient; however, these are only measures of direct medical cost. The ideal method to consider costs is through a proper economic evaluation. 4 Since the last review was published 5 years ago and conducted over 9 years ago, 3 new dressings may have been introduced and higher quality data published. Therefore, it was thought appropriate to reexamine this topic with an up-to-date systematic review. The goal of this review was to determine which donorsite dressing, or generic group of dressings, is associated with the least pain, the lowest infection rate, best healing quality, fastest healing rate, best quality of life, and lowest cost.
METHODS

Search Strategy
A literature search of the following electronic databases was conducted: Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, MEDLINE, CINAHL, and EM-BASE. The key words used were a combination of "skin graft," "donor," "dressing," with limits, "English," "human," and articles published between 1971 to May of 2008. The year 1971 was chosen as it was the year of the first published discussion of split-thickness skin graft donor-site management.
5
Article Eligibility
Two reviewers (S.V. and O.A.) independently scanned the retrieved articles' abstracts for potential relevance. To be included, the articles had to: (1) include patients requiring split-thickness skin graft donor dressings, (2) be a review article or a comparative study of wound dressings split-thickness skin graft donor sites, and (3) publish the authors' results as a full report. The exclusion criteria were: articles which only examine pediatric populations, case reports, case series, letters to the editor, abstracts, meeting proceedings, and articles that studied other variables beside dressings such as a specific application or procedural technique (i.e., ice packs, polydeoyribonucleotide cream). If there was disagreement among reviewers on the potential relevance of an article, an arbitrator (A.T.) was recruited to resolve the dispute.
Dressing Classification and Outcome Measures
Split-thickness skin graft donor-site dressings were classified as either moist or nonmoist based on the state of the dressing upon initial application. For example, sulfacrate-soaked gauze dressing would be classified as a moist dressing, despite drying out as time goes on. The results of each study were examined with regard to six clinical outcome measures: pain (reported using different rating scales); infection rate (clinical signs of infection by wound swabs or other undefined method); healing quality (thickness of skin surface, disruption of skin upon dressing removal, Vancouver Scar Scale, or other method); healing rate (a temporal scale); quality of life (relative to the patient's expectations and experience, quality of life scales); and cost (from direct costs of split-thickness skin graft dressings to cost-benefit analysis).
Assessment of Methodological Quality
The methodological quality of randomized controlled trials was assessed independently by two reviewers (O.A. and S.V.) using the Jadad scale. 6 Briefly, the Jadad scale assesses the quality of reports of randomized controlled trials by addressing three items that are directly related to bias reduction: (1) randomization, (2) blinding, and (3) description of withdrawals and drop-outs. Presented as questions to elicit "yes" or "no" answers, the scale produces scores from 0 to 3, with the opportunity to add/subtract up to 2 additional points based on quality of the study description, thus producing overall scores of 0 (low quality study) to 5 (high quality) (see Appendix I for further description). It was decided, a priori, to Volume 124, Number 1 • Skin Graft Donor-Site Dressings classify studies with a score of 2 or more on the Jadad scale as good quality. It should be made clear that the Jadad scale is used specifically to assess the quality of randomized controlled trials per se and is not related to assessing the six clinical outcome measures listed above.
Data Extraction
The following data were extracted from each primary article and used for descriptive comparisons: author, journal, year of publication, gender, sample size, clinical setting, study design, dressing(s) utilized, outcome measures, study results, and recommendations.
Data Analysis
All data are summarized descriptively. A kappa statistic, a measure of chance-corrected agreement, was calculated to provide an estimate of agreement between reviewers with regard to the final list of articles reviewed.
RESULTS
Characteristics of Included Studies
The literature search identified 472 potential articles. After removal of duplicates and application of the inclusion and exclusion criteria, 75 articles were deemed relevant and were included into the final analysis (kappa 0.81).
1-3,7-78 Over 50 different dressings were used in the 75 studies. The most commonly used nonmoist dressings were Xeroform, Scarlet Red, and Jelonet. Common moist dressings included Kaltostat, Opsite, Duoderm, and Allevyn. The most common dressing assessment in these studies (31 of 75) compared moist and nonmoist dressings. The remaining studies compared moist with moist (11 of 75), moist with no dressing (eight of 75), nonmoist with nonmoist (five of 75), nonmoist with no dressing, 1 or a novel dressing type with either moist, nonmoist, or no dressing. Examples of novel dressing types included banana leaves, 33 aluminum foil, 52 and beeswax. 56 The most common study designs used were as follows: randomized controlled trials (35 of 75), observational studies (22 of 75), unsystematic clinical observations (15 of 75), and review articles (three of 75). Two of the three identified reviews were systematic reviews. 2, 3 Of the 59 studies that compared two or more dressings, 38 (64 percent) were conducted via intraindividual comparisons.
The methodological quality of the randomized controlled trials using the Jadad scale is seen in Figure 1 . The mean quality score was 1.7 Ϯ 0.7.
Outcome Measures
The majority of studies measured the outcomes of pain, infection rate, healing quality, and healing rate (Fig. 2) . No studies measured quality of life, and very few studies measured cost as an outcome (Fig. 2) . The time horizon (time required to measure outcomes) in studies ranged from 1 week to 1 year. The majority of studies Plastic and Reconstructive Surgery • July 2009 measured outcomes in the first 2 weeks after harvesting. In several studies, the time horizon was not defined, or the authors reported the time horizon as "until healed."
Pain was examined in 58 of the 72 nonreview articles. Twenty-eight of the 72 studies did not report their methods used to measure pain. Of the remaining 30 articles, pain was measured using various scales or questionnaires, the most common being a visual analogue scale, others are shown in Table 1 . Regardless of the method of measurement, 25 of the 27 studies that compared moist with nonmoist dressings reported moist dressings were associated with less pain.
Forty of the 72 nonreview articles measured infection rate as an outcome. Of these articles, only 19 provided an explicit definition of infection rate in their methods. Infection rate was defined either qualitatively (i.e., inflammation, redness, swelling, heat, discharge, exudate) or quantitatively (i.e., bacterial count) or using a combination of both. There was no evidence to support the superiority of moist to nonmoist dressings or vice versa.
Healing quality was evaluated in 40 of the 72 included articles. Healing quality was assessed by the appearance, patient's satisfaction, and sensation of the scar as well as the appearance of the donor site. It was unclear which dressing provided the best healing quality. Eleven studies favored moist dressings, five favored nonmoist dressings, and 14 studies found no difference between moist and nonmoist dressings.
The most common outcome assessed was healing rate, which was reported in 64 of the 72 studies. In contrast to infection rate, the majority of the studies (55 of 64) provided a definition of a healed donor site. Definitions included epithelial cover, presence of exudates, scarring appearance, and various aesthetic descriptors (i.e., hypertrophy, color, texture, return of hair growth) or sensation (i.e., tenderness, numbness) and proportion of the wound healed. The majority of studies (57 percent) that compared moist with nonmoist dressings found moist dressings to be associated with a faster healing rate, while most of the remaining studies (32 percent) found no significant difference between the two dressing types.
While none of the 72 included articles measured patient quality of life, 15 of the 72 articles examined cost (Fig. 2) . In all 15 studies, only direct Volume 124, Number 1 • Skin Graft Donor-Site Dressings costs were measured from the hospital perspective. Four studies concluded that nonmoist dressings were less expensive on a per square inch basis; one study found moist dressings to be less expensive.
Overall Dressing Recommendations
There was consistency in the dressing preference recommendations, regardless of study design. Specifically, of the observational studies that compared moist with nonmoist dressings, the trend in the data shows a preference toward the use of moist dressings. Of the randomized controlled trials that compared moist with nonmoist dressings, the majority of investigations concluded that moist dressings were favorable in the measured outcomes.
DISCUSSION
The aim of this systematic review was to identify the split-thickness skin graft donor-site dressing that is associated with the least pain, lowest infection rate, improved healing quality, fastest healing rate, best quality of life, and lowest cost. The majority of primary studies regardless of study design found moist dressings to be associated with less pain and a better healing rate; these findings are consistent with the results of Wiechula's systematic review. 3 The findings of our systematic review, however, do not support these findings, with the exception of the pain variable, for which 25 of the 27 studies support the salutary effects of wet dressings. Even with this variable, however, uncertainty exists, as often the pain scales used in the primary studies were not validated. Nonetheless, our study adds to the literature by being a systematic review that critically assessed the methodology of each article examined, thus minimizing selection bias, as well as addressing endpoints such as quality of life and cost-effectiveness.
The three main outcomes studied were pain, infection rate, and healing rate. With the exception of pain, these outcome measures are typically made based on the surgeon's perspective, which may be very different from the patient's perception of the outcome. When measuring surgical outcomes, it is important to consider the patient's satisfaction and how an intervention affects the patient's quality of life. This systematic review revealed that no investigators have formally measured quality of life in patients with split-thickness skin graft donor sites despite the fact that there are many well-developed, validated, and reliable patient-reported questionnaires available to assess the quality of life. 79 It remains unclear which type of dressing is superior in terms of infection rate, healing quality, quality of life, and cost. It was difficult to compare moist and nonmoist dressings in this review because of the heterogeneity of the included articles. For example, over 50 different dressings were used in the 72 nonreview articles. In addition, the definitions and measurements of outcomes were highly variable. For example, the definitions of a healed donor site included absence of pain, patient discharge from hospital, and full epithelial cover. Many articles did not provide a definition of healing quality yet reported qualitative results of healing.
In terms of the specific outcome measures, there was little consistency in the methods for measuring pain. A variety of pain scales were used, many of which lacked proper methodological development. In studies where similar pain scales were used, comparisons remained difficult due to temporal differences in pain measurements. Future studies should aim to explicitly report the definitions of the outcomes and exactly how those outcomes are measured. There are several instruments available for measuring pain that have undergone rigorous development and testing. One such tool is the McGill Pain Scale. The questionnaire consists of three major classes of word descriptors (sensory, affective, and evaluative) that are used by patients to specify subjective pain experience, thus providing quantitative measures of clinical pain that can be treated statistically. 80 Fifteen of the 75 studies compared the costs of moist and nonmoist dressings on a per square inch basis. These studies only compared the direct costs of the different dressings and ignored other indirect and intangible costs that may have been absorbed by the patient (i.e., days off work, unpaid family assistance). When performing an economic evaluation, it is necessary to state explicitly who is benefiting from the intervention, as the benefits will not be the same across all possible beneficiaries. 4 There are several possible perspectives, including the patient, the hospital, the third party payer (i.e., Workers' Compensation Board, Medicare, Health Maintenance Organizations, Ministry of Health, National Health Service), and society. The perspective taken will depend on the question being asked. The ideal study would be a randomized controlled trial with a parallel economic evaluation in which multiple perspectives were considered. In an era of limited health care resources, there is a need to be accountable for resource use. This requires determining the cost effectiveness of any new procedure compared with the current Plastic and Reconstructive Surgery • July 2009 standard of care, as often novel procedures prove to be more costly yet more effective.
The major strength of this review is that it was a systematic review of all the available literature. The articles were selected according to specific criteria decided a priori and reviewed by two independent reviewers to minimize selection bias. This review included observational studies and randomized controlled trials. Observational studies are considered lower-level evidence as they are subject to many biases, including selection bias, and often overestimate treatment effects. The best evidence evaluating surgical interventions is obtained from methodologically sound randomized controlled trials. The randomized controlled trials included in this systematic review did not prove to be of high methodological quality, according to the Jadad scores. Therefore, it is difficult to make a recommendation of which dressing or dressing type provides the best outcomes for patients. It is recognized that the findings of unpublished negative studies could effect the conclusions of a systematic review. A funnel plot is a plotting device used in meta-analysis to detect publication bias. The estimate of risk is plotted against sample size.
81 As no statistical pooling was possible in this systematic review (i.e., calculation of effect size) due to the heterogeneity of the studies, a funnel plot was not appropriate. Nevertheless, the vast majority of studies included in the final analysis of this review were comparative in nature (i.e., comparing performance of dressing A with dressing B); we do not believe there would be a preponderance of nonpublished studies. That is, such comparative studies would, arguably, be published regardless of whether dressing A was superior (i.e., positive result, relative to dressing A) or dressing B was superior (i.e., negative result, relative to dressing A). Furthermore, a number of studies included in this systematic review demonstrated either negative or inconclusive results.
This systematic review concludes that there is no clear evidence of the superiority of the wet dressings over the dry ones as espoused by previous publications. We believe that a state of equipoise exists. 82 This systematic review highlights the need for more methodologically sound randomized controlled trials to assess split-thickness skin graft donor-site dressings. Skin graft donor dressings are associated with disparate outcomes (i.e., pain, healing, costs, etc.). Therefore, it is important that future investigators clearly define their research question and primary outcome. It is imperative they provide a rationale why their question is clinically relevant and should be answered. 83 They also need to provide a rationale for the perspective taken. Is it the patient, third party payer, or society? Future randomized controlled trials need to clearly define the primary outcome. Attention should be paid in the selection of existing valid measurement scales to assess: pain and quality of life. Intraindividual studies comparing two or more dressings, where possible, will aid in diminishing interpatient variability and substantially lower the required sample size. A useful tool when designing randomized controlled trials is the CONSORT (Consolidated Standards of Reporting Trials) Statement. It is an evidence-based, minimum set of recommendations for reporting randomized controlled trials. 84, 85 More detailed than the Jadad scale, investigators and editors have developed a revised CONSORT statement to help authors improve reporting by using a checklist and flow diagram. 85 Finally, we believe that economic evaluations "piggy backed" to randomized controlled trials will provide us with best evidence to adopt in our practices.
